The adsorption of reactive red 239 (RR239) dye onto chitosan 8B was studied in aqueous solution at various pHs, initial dye concentrations, ionic strengths and temperatures, respectively. The adsorption of dye onto chitosan 8B was confirmed by diffuse reflectance electronic absorption spectra. The adsorption of RR239 onto chitosan 8B was greatly influenced by solution pHs, initial dye concentrations, ionic strengths and temperatures. The kinetics and mechanism of dye adsorption process were analyzed by pseudo first-, second-order, Elovich and intraparticle diffusion kinetic models. The adsorption kinetics of RR239 dye followed a pseudo second-order model very well. The surface sorption and intraparticle diffusion mechanisms were involved in the actual sorption process. The equilibrium isotherm data were fitted well with the Langmuir model rather than the Freundlich, Temkin and Dubinin-Radushkevich models. The maximum dye adsorption onto chitosan 8B was estimated to be 163.93 μmol/g at 45˚C. The activation energy (E a ) was obtained to be 23.30 kJ/mol. The computed thermodynamic parameters such as ΔG ‡ , ΔH ‡ , ΔS ‡ , ΔG, ΔH and ΔS confirmed that the adsorption of RR239 dye onto chitosan 8B was a spontaneous endothermic physisorption process. Desorption test was carried out in NaOH solution (pH 12.5) and the chitosan flakes could be reused.
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Batch Adsorption Experiments
Batch adsorption experiments were conducted with slight modifications of previously described method for the adsorption of reactive yellow 145 (RY145) onto chitosan in aqueous solution [26] . The adsorption of RR239 onto chitosan 8B
was explored in 125 mL stoppered bottles containing a fixed amount (0.05 g) of chitosan 8B with 25 mL of dye solution (100 µmol/L). The primary pH of the dye solution was adjusted with 1 mol/L HCl or 1 mol/L NaOH solution. The pH of dye solution was measured by using a pH meter (HANNA instruments microprocessor pH meter). The stoppered bottles were shaken in a thermostated shaker at room temperature (30˚C ± 0.2˚C) with a speed of 120 r/min until reaching equilibrium. Each bottle was capped to avoid evaporation at high temperature. Samples were withdrawn at predetermined intervals of time for analyzing the concentration of RR239 in solution. The samples were centrifuged using a centrifuge machine (Labofuge 200, D-37520 Osterods, Germany) at a speed of 4000 rpm for 5 min. The concentration of RR239 in the supernatant was determined by spectrophotometric methods using a Shimadzu UV-1601PC spectrophotometer (Shimadzu, Japan) at λ max value of 541 nm. The λ max (541 nm)
of RR239 solution was found to be constant at the pH ranges between 4 and 10.
The apparent molar absorptivity of RR239 was estimated to be 15 × 10 3 L/mol/cm at 541 nm and pH 4 -10.
The amount of RR239 adsorbed onto chitosan 8B at time t, q t (µmol/g) was The amount of RR239 adsorbed onto chitosan 8B at equilibrium time, q e (µmol/g) was determined by 
where C e (µmol/L) is the liquid-phase concentrations of RR239 at equilibrium time; C 0 , V and m remain same as described above.
In the desorption study, 25 mL of 0.1 mol/L NaOH solution was used to desorb RR239 from the chitosan 8B flakes. The adsorbent was contacted with 25 mL of 100 µmol/L RR239 solution for 120 min, filtered and the adsorbent was min. The amount of adsorption was determined in the same way as described above. All data presented in this paper are the mean of double measurements.
Results and Discussion

Spectral Studies
The chitosan 8B-RR239 complex was formulated by combining chitosan 8B
flakes with a solution of RR239 at pH 4. The dye adsorption onto chitosan 8B flakes was confirmed by diffuse reflectance electronic absorption spectra. In Figure 2 , the absorption maxima of chitosan 8B-RR239 complex were observed at around 298 and 540 nm (Figure 2(c) ), whereas free chitosan 8B flakes exhibited two absorption peaks at 220 and 300 nm (Figure 2(a) ), respectively. RR239 dye revealed absorption peaks at 292 and 558 nm (Figure 2(b) ), respectively.
Hence the blue shift 18 nm of the absorption peak at 540 nm, and the red shift 6 nm of the absorption peak at 298 nm must be attributed the adsorption of RR239 onto chitosan 8B flakes. However, the absorption maximum of free RR239 was found in the visible region at 541 nm in aqueous solution (pH 4 -10).
Adsorption Kinetics
Effect of pH on Adsorption Kinetics
The surface charge of adsorbents and the configuration of dye molecules are significantly affected by solution pH [6] . Therefore, the pH of aqueous solution is a critical issue for the period of dye adsorption process. At present study, the effect of pH on the RR239 dye adsorption capacities of chitosan 8B was conducted at varying pH (pH 4 -10) with 100 μmol/L fixed initial dye concentrations and adsorbent dosage 0.05 g for 120 min. As can be seen from Figure 3 , the adsorption of RR239 dye onto chitosan 8B is intimately dependent on initial pH of aqueous solution. It is noticed that the dye adsorption rate was fast for initial 10 min and subsequently it progressed at a slower rate and lastly reached equilibrium within ~60 min. However, data were received for 120 min to confirm overall equilibrium. The initial rate of dye adsorption, h (µmol/g min), decreased significantly with increasing solution pH (Table 1) . After 120 min of sorption, the extent of equilibrium dye adsorption (q e ) was observed to be 49.70 µmol/g at pH 4
and 19.20 µmol/g at pH 10 (Table 1) , respectively. These results can be rationalized based on the changes in surface charges of adsorbent and the structure of dye ions with changing the pH of aqueous solution. The pH zpc of chitosan is 6.3.
It assumes that the 99% of chitosan is protonated at pH 4.3 [26] . •: pH 5; ◊: pH 6; ♦: pH 7; ∆: pH 8; ▲: pH 9; □: pH 10). All solid lines are numerically generated by using pseudo second-order adsorption kinetic Equation (4) and the values of q e(cal) and k 2 listed in Table 1 .
Effect of Initial Dye Concentration on Adsorption Kinetics
The initial concentration supplies a significant pouring strength to overcome all mass transfer resistance of the dye between the aqueous and solid phases [21] . In this work, the influences of initial concentration of dye solutions on adsorption were studied in aqueous solution (pH 4) at 30˚C for 120 min and the amount of chitosan 8B was 0.05 g. Remarkably, the amount of equilibrium RR239 dye adsorption, q e (μmol/g), increases ( Figure 4 ), but the initial rate of RR239 dye adsorption, h (µmol/g min), reduces with increasing initial dye concentration ( Table 1 ), indicating that the RR239 dye adsorption onto chitosan 8B is strongly 
Effect of Ionic Strength on Adsorption Kinetics
The solution ionic strength is an essential issue that influences both electrostatic and non-electrostatic interactions between dyes and adsorbent surfaces. The effect of ionic strength on the adsorption kinetics of RR239 onto chitosan 8B in aqueous solution (pH 4) was successively inspected by the adding various amounts of Na 2 SO 4 salt to the 100 µmol/L dye solution at 30˚C. Results presented in Figure 5 obviously showed a decrease in both the initial dye adsorption rate, h (µmol/g min), and the extent of dye adsorption, q e (µmol/g), with
increasing solution ionic strengths ( 
Effect of Temperature on Adsorption Kinetics
The kinetics of RR239 dye adsorption onto chitosan 8B was investigated in aqueous solution (pH 4) at four different temperatures, 30˚C, 35˚C, 40˚C and 45˚C and the results are depicted in Figure 6 where the initial concentration of dye solution was 100 μmol/L. These results indicate that the initial rate of dye adsorption, h (µmol/g min), and the amount of equilibrium dye adsorption, q e (µmol/g), increased with increasing the solution temperature (˚C). Therefore, Equation (4) and the values of q e(cal) and k 2 listed in Table 1 . Table 1 .
the RR239 dye molecules interact more efficiently with functional groups of chitosan 8B at higher temperatures because the mobility of the dye molecules increased with rising solution temperature. This is expected that rising of the solution temperature may generate a swelling effect within the internal structure of chitosan 8B [30] . Similar results were also observed in adsorption of RY145 and 
Modeling of Adsorption Kinetics
The adsorption kinetics illustrates the dye uptake rate onto the adsorbent in adsorption reaction. This is an essential feature in expressing the efficacy of adsorp- 
The plot of t/q t versus t would exhibit a straight line if pseudo second-order kinetics is applicable. The values of k 2 and q e were obtained from intercept and slope of the straight line. The initial rate of adsorption, h (µmol/g min), is able to know by Equation (6):
The Elovich model is generally expressed as:
where α (µmol/g min) is an initial rate of dye adsorption and β (g/μmol) is associated to the degree of surface coverage and the activation energy for chemisorption. The Elovich coefficients can be estimated from the plot of q t versus lnt. ) express diffusion rates of the different stages in the adsorption ( Table 2 ).
The changes of k id1 (μmol/g min 0.5
) and k id2 (μmol/g min 0.5 ) represent to the adsorption levels of the exterior and interior surfaces of adsorbent [35] . The dye adsorption rate was very fast at the early stage because the RR239 was adsorbed by the exterior surface of chitosan 8B particle. When exterior surface of chitosan 8b was saturated then RR239 dye molecules entered into chitosan 8B particles and were adsorbed by the interior surface of the chitosan particles. The diffusion rate became slow. From Figure 7 , it is also be noticed that none of the straight lines at any concentration of RR239 solution passes through the origin, which suggests that the dye adsorption mechanism was complex and both surface adsorption as well as intraparticle diffusion contributed to the actual sorption process. Similar results were also observed in the adsorption of RY145 onto chitosan in aqueous solution [26] . Table 2 . 
Activation Parameters
The values of k 2 at various temperatures recorded in Table 1 were utilized to determine the activation energy for the adsorption of RR239 dye onto chitosan 8B in aqueous solution. According to Arrhenius equation, the rate constant (k 2 ), temperature (T) and activation energy (E a ) can be expressed by Equation (9):
where R (8.314 J/mol K) is the gas constant. 
where k 2 (g/mol min), R and T are same as described before, k B is the Boltzman determined to be -102.33 J/mol K, which indicates that the RR239 anions at activated state and at the interface are always more organized than those in the bulk solution phase [38] . Similar results were also observed in the removal of malachite green from wastewater using activated carbon and activated slag [39] .
The value of T av ΔS ‡ was calculated to be -31.77 kJ/mol where T av represents the average value of four temperatures used for adsorption studies. The value of ΔH ‡ was found to be smaller than that of T av ΔS ‡ (ΔH ‡ < T av ΔS ‡ ) which indicates that the impact of entropy is more significant than enthalpied in activation [38] .
Moreover, the values of ΔG ‡ were found to be 51.72, 52.23, 52.75 and 53.26
kJ/mol at 30˚C, 35˚C, 40˚C and 45˚C, respectively. The positive values of ΔG ‡ suggest the existence of an energy barrier in the adsorption process [26] .
Reuse of the Chitosan
The typical phenomena of RR239 dye adsorption-desorption-adsorption onto chitosan 8B flakes in aqueous are shown in Figure 8 . In adsorption step, the initial dye concentration was 100 µmol/L with a solution pH 4.0 and a temperature 30˚C whereas the release of RR239 from dye-loaded chitosan 8B was carried out in 0.1 M NaOH solution at pH 12.5 and temperature 30˚C. It is observed that the amount of equilibrium dye adsorption was 49.70 µmol/g in the first adsorption step which was persisted for 120 min. The dye desorption rate was rapid for first 20 min and 85% of RR239 dye was released from dye-loaded chitosan within 35 DOI: 10.4236/abc.2019.91001 14 Advances in Biological Chemistry min. After 90 min of desorption, the liberated dye from RR239-loaded chitosan was 89%. This may be due to the fact that in a basic solution, the positively charged amino groups of chitosan 8B are deprotonated, and the electrostatic interaction between chitosan and dye molecules becomes much weaker [27] . Following the desorption step, the second adsorption step took place and it repeated the similar dynamical shape of the first adsorption step. It takes 120 min to adsorb the similar amount of dye RR239 as that of desorption, and the total amount of dye adsorption is the same as that of the first adsorption step. These results show that our chitosan flakes can be reused for further dye adsorption.
Adsorption Isotherm
The analysis of the adsorption isotherm data is important to know the nature of the interaction between adsorbate and the adsorbent used for the eliminating of organic pollutants. A plot of q e versus C e at various temperatures is presented in Figure 9 . The values of q e increased with increasing solution temperature from 30˚C to 45˚C indicating that the present adsorption is an endothermic process. The adsorption isotherm data were examined by using four isotherm models such as Ferundlich [40] , Temkin [41] , Dubinin-Radushkevich [42] , and Langmuir [43] . Nonlinear and linear forms of all the applied models are presented as follows.
Freundlich model:
Nonlinear form
Linear form 1 ln ln ln
Temkin model:
Linear form ln ln 
where
where C e (µmol/L) is the equilibrium RR239 dye concentration in solution, K F Table 3 . In all cases, Langmuir isotherm has highest correlation coeffi-
, which is considerably a better fit compared with Freundlich, Temkin and Dubinin-Radushkevich adsorption isotherms. . All solid lines are numerically generated by using the Langmuir model in Equation (18) and the Langmuir isotherm constants listed in Table 3 . It is stated that the characteristics of the Langmuir isotherm can be expressed in terms of separation factor (R L ) [44] , which is expressed in Equation (20):
where a L (L/µmol) is the Langmuir equilibrium constant and C 0 (μmol/L) is the highest initial dye concentration. The shape of the isotherm can be interpreted as shown in Table 4 based on the value of R L . The values of R L were found to be from 0 to 1 at 30˚C, 35˚C, 40˚C and 45˚C, respectively, which indicates that the adsorption is favorable at all temperatures [26] .
The applicability of the Langmuir model suggests homogeneous surfaces of the chitosan 8B and monolayer coverage of RR239 dye onto the adsorbent. According to Langmuir, the maximum dye adsorption capacity of chitosan 8B was found to be 123.46 µmol/g at 30˚C and 163.93 µmol/g at 45˚C, respectively. This value is much higher than that of previously reported adsorbents as shown in 
Thermodynamics
Thermodynamic parameters related to the adsorption process, i.e., Gibb's free energy change (∆G, kJ/mol), enthalpy change (∆H, kJ/mol), and entropy change (∆S, J/mol K) are determined by using the values of Langmuir binding constant (a L , L/mol) and the following equations: Formaldehyde treated carra sawdust 13.29 [16] Hexadecyltrimethylammonium bromide (HTAB)-modified zeolite 9.78 [46] Hexadecyltrimethylammonium bromide (HTAB)-modified sepiolite 9.58 [46] Cetyltrimethylammonium bromide (CTAB)-modified zeolite 8.01 [47] Advances in Biological Chemistry where R (8.314 J/mol K) is the universal gas constant and T is the absolute temperature (K). ∆H and ∆S values can be calculated from the slope and y-intercept of the linear polt of lna L versus 1/T (R 2 = 0.978). The thermodynamic results are presented in Table 3 . Enthalpy changes (∆H) indicate that the present adsorption followed endothermic processes. The positive values of ∆S confirm that there was increase in the randomness at the solid-liquid interface during the adsorption of RR239 onto chitosan 8B, which results from the higher translational entropy developed by the displaced water molecules as compared to that lost as a result of dye uptake. Negative values of ∆G indicate that the RR239 dye adsorption by chitosan 8B adsorbents is a spontaneous process and more favorable process at higher temperature. The increase in the adsorption capacities of Chitosan 8B at higher temperatures may be attributed to the enhanced mobility and penetration of dye molecules within the adsorbent porous structures by overcoming the activation energy barrier and enhancing the rate of intraparticle diffusion [48] .
Conclusion
In the present study, RR239 dye adsorption onto chitosan 8B was investigated in an aqueous solution. The effect of working parameters such as solution pHs, initial dye concentrations, ionic strengths and temperatures on the adsorption of RR239 was investigated. The obtained results suggested that all the parameters had a strong effect on the adsorption kinetics and equilibrium adsorption of RR239 onto the adsorbent. The batch adsorption kinetics was well explained by pseudo second-order model while intraparticle diffusion performed significant role in the rate limiting step. The batch adsorption kinetic profiles were absolutely reproduced by numerical analysis based on the pseudo second-order kinetic model in Equation (4) using the values of k 2 and q e(cal) given in Table 1 .
Adsorption isotherms were fitted well with the Langmuir model rather than the Freundlich, Temkin and Dubinin-Radushkevich models. The maximum RR239 dye adsorption capacity of chitosan 8B was found to be 163.93 μmol/g at 45˚C.
Thermodynamic parameters showed that the RR239 dye adsorption onto chitosan 8B was spontaneous endothermic physisorption process. The significant amount (89%) of RR239 dye was released from dye-loaded chitosan in 0.1 M NaOH solution (pH 12.5) and the chitosan flakes could be reused. The present works confirm that the easily obtainable chitosan 8B can be utilized as an efficient biosorbent to remove reactive dyes from industrial wastewater.
